Abstract. There is conflicting evidence regarding the significance of vasoactive intestinal peptide (VIP) in inflammatory bowel disease (IBD). Involvement of the VIP receptor in IBD has not been reported. We examined the expression and localization of the VIP receptor in IBD. We determined the location of VIP receptor 1 (VIPR1) immunohistologically in surgically resected intestinal samples from 10 controls, 15 patients with ulcerative colitis, and 10 patients with Crohn's disease. A fluorescein-linked immunohistological study was performed using anti-VIPR1 antibody, with doublestaining with antibodies to CD3, CD19, and CD68. Correlations with interleukin (IL)-4 and TNF-α expression were also investigated. Results showed that the number of VIPR1-positive cells was significantly increased in the inflammatory mucosa. VIPR1 was expressed in CD3-, CD19-, and CD68-positive cells. The proportion of VIPR1-positive cells among CD3-positive cells was significantly higher in the lamina propria of patients with ulcerative colitis than in those with Crohn's disease and the controls. The proportion of VIPR1-positive cells among CD68-positive cells was significantly higher in patients with ulcerative colitis and Crohn's disease than in the controls. A correlation between the numbers of VIPR1-and IL-4-positive cells was found in patients with ulcerative colitis, and between the numbers of VIPR1-and TNF-α-positive cells in patients with Crohn's disease. In conclusion, VIPR1 was widely expressed in infiltrating inflammatory cells, especially CD3-and CD68-positive cells in ulcerative colitis mucosa and CD68-positive cells in Crohn's disease mucosa. The differential expression of VIPR1 in ulcerative colitis and Crohn's disease mucosa suggests that the VIP system plays different roles in the pathogenesis of IBD.
Introduction
Ulcerative colitis (UC) and Crohn's disease (CD) together comprise idiopathic inflammatory bowel disease (IBD) of unknown etiology. Immunological abnormalities have been implicated in the pathogenesis of IBD, and immunosuppressive therapies are effective in the treatment of IBD. Activation of humoral immunity based on T-helper type 2 (Th2)-shifted immunity has been implicated in the pathogenesis of UC, while T-helper type 1 (Th1)-shifted activation of cellular immunity plays an important role in the pathogenesis of CD, together with abnormality of macrophages (1, 2) . Vasoactive intestinal peptide (VIP) is a typical neuropeptide distributed in the central nervous system and intestine, and is known to have anti-inflammatory activity. Effects of VIP on the immune system have recently been described. VIP regulates the expression of co-stimulatory molecules, and may modulate the shift toward Th1 and Th2 differentiation. In the last decade, VIP has been included in the list of potential candidates for use in treating inflammatory and autoimmune disorders, such as multiple sclerosis, rheumatoid arthritis, insulin-dependent diabetes mellitus, and IBD (3) (4) (5) . Kimura et al reported a decrease in the number of VIPpositive nerves in severe inflammatory lesions in active UC and CD (6) . Some studies have shown that VIP shifts the Th1/Th2 cytokine balance in IBD (7). Abad et al reported that VIP reduced the clinical and histopathologic severity of trinitrobenzene sulfonic acid (TNBS)-induced colitis (8) . However, the involvement of the VIP receptor in IBD has not been studied. We examined the localization of VIP receptor 1 (VIPR1) in the human intestine using immunohistological methods.
Materials and methods
Patients. Tissue specimens were obtained during surgery performed on 15 patients with UC (7 males, 8 females, mean age 40.9 years, range 23-70), 10 patients with CD (7 males, 3 females, mean age 36.8 years, range 27-48), and 10 patients with colon cancer (9 males, 1 female, mean age 65.5 years, range 55-80) at Osaka City University Hospital and Osaka City General Hospital. Macroscopically normal mucosa was obtained from patients who underwent surgery for colon cancer and used as control samples. All patients were Japanese. The diagnosis of IBD was based on colonoscopy, histopathological examinations, and clinical features. Twelve patients with UC had total colitis, while 3 had left-sided colitis. Regarding the location of the disease, 4 patients with CD had L1, 2 had L2, and 4 had L3 disease, and regarding the behavior of the disease, 1 patient was B1, 4 were B2, and 5 were B3 according to the Montreal classification (9) . Six patients with CD underwent surgery for stenosis or obstruction, 3 for perforation and fistula, and one for melena. For UC patients, the mean daily dose of prednisolone before surgery was 18.7 mg/day (0-60 mg). Two patients with UC received cytapheresis, and all UC patients except one were taking 5-aminosalicylic acid (5ASA) or sulfapyridine (SASP). Preoperatively, 7 patients with CD were treated with total parenteral nutrition, two patients were receiving corticosteroids, and 3 patients received infliximab infusion (Table I) .
Clinical activity in patients. The activity index of UC was calculated as the clinical activity index (CAI) (10) . We considered patients with a CAI >7 to have an active disease.
In the 8 patients with active UC, the mean CAI at the time of surgery was 11.6 (7-17), while in the 7 patients with quiescent UC, the mean CAI at the time of surgery was 4 (2-6).
The disease activity of CD was calculated as the CD activity index (CDAI) (11) . In CD patients, the mean CDAI at the time of surgery was 246.6 (134-338).
Immunohistochemistry. An approximately 5x5-mm segment was excised from the intestine and immediately fixed in periodate/lysine/2% paraformaldehyde at 4˚C for 6 h, and then incubated in a 10-15-20% sucrose gradient in phosphate-buffered saline (PBS) at 4˚C for 6 h. Specimens were embedded in OCT compound (Miles Sankyo, Tokyo, Japan) in dry ice/acetone, and stored at -80˚C until use.
Cryostat sections (4 μm-thick) were cut and pretreated with 2% goat serum with PBS to inhibit non-specific protein binding. After washing, sections were first reacted with primary antibody (rabbit anti-VIPR1 antibody, VIPR1; Chemicon International, Temecula, CA, USA) at 4˚C overnight (Table II) . After washing three times in PBS containing 0.05% Tween-20 (PBS-T), sections were reacted with FITCconjugated goat anti-rabbit IgG (Fab2) antibody (Chemicon International) at a 1:20 dilution for 20 min. They were then mounted in Fluorescent mounting medium (DakoCytomation, Carpinteria, CA, USA), and pictures were taken under a fluorescence microscope (BX50F4; Olympus, Tokyo, Japan).
VIPR1-positive cells were counted under x200 magnification over three microscopic fields each in the lamina propria, submucosa, and muscular layer and expressed as the number of positive cells/one optical field.
Immunofluorescent double-staining. Immunofluorescent double-staining was performed using anti-CD3 (T-cell; DakoCytomation), anti-CD19 (B-cell; DakoCytomation), anti-CD68 (Macrophage; DakoCytomation), anti-IL-4 (Th2 cytokine; R&D Systems), and anti-TNF-α (Th1 cytokine; DakoCytomation) antibodies with anti-VIPR1 (Chemicon) antibody. Sections were reacted with anti-CD3, anti-CD19, anti-CD68, anti-IL-4, and anti-TNF-α monoclonal antibodies at 4˚C overnight, washed with PBS-T, and then reacted with rhodamine-conjugated goat anti-mouse IgG antibody (Chemicon) at a 1:20 dilution at an ambient temperature for 30 min. Sections were washed with PBS-T and reacted with rabbit anti-VIPR1 antibody at a 1:500 dilution at 4˚C over- Table I . Patients and disease activity. 
After washing with PBS-T, sections were reacted with FITC-conjugated goat anti-rabbit IgG (Fab2) antibody (Chemicon) at a 1:20 dilution at an ambient temperature for 30 min. They were then mounted in Fluorescent mounting medium, and pictures were taken under a fluorescence microscope. VIPR1 single-positive cells were indicated by green, while CD3, CD19, or CD68 single-positive cells were red and double-positive cells were yellow. VIPR1 expression was determined in CD3-, CD19-or CD68-positive cells in three microscopic fields each at x200 magnification in the lamina propria and submucosa, and expressed as percentages of CD3-, CD19-, and CD68-positive cells. The numbers of IL-4-, TNF-α-and VIPR1-positive cells were counted in the same section at x200 magnification in three microscopic fields in the lamina propria and submucosa, and the correlations between the numbers of VIPR1-positive cells and of IL-4-and TNF-α-positive cells were assessed.
Statistical analysis. Results were examined by one-way analysis of variance with Fisher's PLSD test and regression analysis with StatView software. Differences were considered significant when p values were <0.05.
This study was approved by Osaka City University's Ethics Committee, and informed consent was obtained from all patients and controls.
Results
Expression of VIPR1-positive cells. VIPR1-positive cells were observed mainly in the lamina propria and submucosa, and were rarely found in the muscular layer (Fig. 1) . The number of VIPR1-positive cells was significantly higher in the lamina propria of patients with active UC or CD than in the controls (active UC vs control, p<0.0001; CD vs control, p=0.0010; and active UC vs quiescent UC, p=0.0108). The number of VIPR1-positive cells was significantly higher in the submucosa of patients with active UC or CD than in the controls (active UC vs control, p<0.0001; active UC vs quiescent UC, p=0.0051; and CD vs control, p=0.0017) (Fig. 2) . (Fig. 6) .
On the other hand, in the submucosa, the number of VIPR1-positive cells was significantly correlated with the number of TNF-α-positive (UC, p=0.0071, R 2 =0.439; CD, p=0.0020, R 2 =0.718) and IL-4-positive (UC, p=0.0120, R 2 =0.826; CD, p<0.0001, R 2 =0.567) cells in patients with UC and those with CD (Fig. 7) .
Discussion
In the present study, we found that VIPR1 was mainly expressed on CD3-, CD19-, and CD68-positive cells in inflammatory mucosa. Expression of VIPR1 was significantly correlated with the numbers of CD3-and CD68-positive cells in the lamina propria of the patients with UC, and the number of CD68-positive cells in the lamina propria of those with CD. VIP is a pleiotropic peptide produced by neurons in different portions of the central and peripheral nervous systems (12) (13) (14) and by immunocytes, principally type 2 T cells (15) . VIP inhibits in vitro and in vivo production of the proinflammatory cytokines TNF-α, IL-2, IL-6, and IL-12, as well as nitric oxide, and stimulates the production of the anti-inflammatory cytokines IL-10 and IL-1Ra (16) (17) (18) (19) (20) . VIP thus has strong anti-inflammatory activity and favors Th2 differentiation. VIP reduces the expression of the costimulatory molecules B7.1/B7.2 on activated macrophages and inhibits macrophage-induced activation of antigen- specific T cells, reduces IL-12 production by activated macrophages, and inhibits the subsequent differentiation of primed T cells into Th1 effectors (21) . VIP receptors have been identified in human normal lymphocytes, NK cells, macrophages, dendritic cells, osteoclasts, and mast cells of various organs (21) . The three VIP/PACAP receptors that have been cloned are the PAC1, VIPR1, and VIPR2 receptors, which bind VIP and PACAP with equal affinity, and the PAC1 receptor, which is PACAP selective. In the gastrointestinal tract, VIPR1 immunoreactivity is abundant in the epithelial cells and myenteric neurons of the human intestine (22) . However, the present study demonstrated localization of VIPR1 in infiltrating inflammatory cells of the human lower intestine, while VIPR1 expression was minimal in epithelial cells. This discrepancy in the findings could be due to the use of different antibodies and methods of tissue preparation (paraffin-embedded tissue with heat-induced epitope retrieval vs PLP-fixed frozen sections) in the previous and present studies. Todorovic et al (23) found higher serum and rectal concentrations of VIP in moderately and severely active UC than in mildly active UC and controls. Increased serum VIP originated from inflammatory cells of the lamina propria as well as the epithelial layer in addition to the lamina propria VIP fibers and submucosal ganglion cells in active UC. On the other hand, there have been conflicting reports of decreases in concentrations of VIP and the numbers of VIP neurons in inflamed intestine (24, 25) .
Conflicting effects of VIP have been reported in models of experimental colitis. Abad et al (8) found that treatment with a VIP enema reduced the clinical and histopathologic severity of TNBS-induced colitis in a murine model of Crohn's disease. Treatment with VIP injection of TNBS mice reduced the expression of proinflammatory molecules such as the enzyme COX-2, the chemokines CX3CL1, CXCL12, CXCL13, CXCL14, CCR5, and CXCR2, and the cytokines IL-1ß, IL-12, IL-18, IL-10, interferon (IFN)-γ, and IL-4, and increased the expression of anti-inflammatory IL-10 and the Th2 cytokine IL-4 (10), showing that its beneficial effects are mediated through inhibition of the inflammatory/Th1 response (25) . On the other hand, Newman et al (26) reported that continuous subcutaneous infusion of VIP by implanted mini-osmotic pumps and intraperitoneal injection of VIP in TNBS mice failed to improve macroscopic and histological inflammation, and did not alter plasma cytokine levels. These two studies suggest that topical administration of VIP may be essential in the treatment of IBD.
In the present study, VIPR1 was found to be widely expressed in infiltrating inflammatory cells, especially CD68-positive cells in the lamina propria of both active UC and CD mucosa. The most significant finding of the present study was the significantly greater infiltration of VIPR1-positive T cells in the lamina propria of the UC intestine. This differential VIPR1 expression in T cells may contribute to the differences in alteration of the Th1/Th2 balance in the pathogeneses of UC and CD.
The alteration of the Th1/Th2 cytokine balance has been considered the most important mechanism of pathogenesis in patients with IBD, and Th1 dominance in CD and Th2 dominance in UC has been recognized (27, 28) . Expression of VIPR1 on intestinal macrophages induces a Th2-dominant cytokine profile in reaction to the VIP signal in the IBD intestine. In our study, the number of VIPR-positive cells was significantly correlated with that of IL-4-positive cells in the intestinal mucosa of patients with UC, reflecting the Th2 response in UC. VIP may be involved in the production of Th2 cytokines through its receptors, expressed on infiltrating cells. On the other hand, the correlation found between numbers of VIPR1-positive cells and TNF-α-positive cells in CD mucosa may represent an association with Th1 skewing. In the CD intestine, the number of VIPR1-positive cells was differentially correlated with Th1 cytokine levels in the lamina propria and Th1/2 cytokine levels in the submucosa. Concerning the Th1-dominant response in the pathogenesis of CD, increased VIPR1 T-cells and macrophages may be a counter-reaction to increased Th1 response in the CD intestine. The role of VIPR1 activation in IBD requires further elucidation.
VIPR1 is differentially expressed in inflammatory cells in UC and CD in terms of the Th1/Th2 balance. Although the reason for this is not clearly known, VIPR1 appears to contribute to intestinal inflammation through both T-cell and macrophage activation in UC, and macrophage activation in CD. VIP administration may be useful as a new treatment for Crohn's disease due to its strong anti-inflammatory effect mediated via the shifting of Th1 to Th2 responses through receptors on macrophages.
In conclusion, our findings suggest that VIPR1 may play an important role in immune responses in IBD.
